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Background. The probiotics immobilization technology is one of the most effective ways for controlled and
continuous delivery of viable cells into the intestine. It is well known that multifaceted physiological roles of
bifidobacteria are to normalize and stabilize the microbiocenosis, to form intestine colonization resistance, to
synthesis amino acids, proteins and vitamins, to maintain non-specific resistance of the organism and so all.
Such a wide range of positive effects on the macroorganism allows us to consider bifidobacteria as a basis for
functional immobilized healthcare products development.

Objective. Taxonomic position determination of the Bifidobacterium longum strain selected for immobiliza-
tion, study of the viability of this bifidobacteria strain in a complex probionic product based on highly
dispersed silica in simulated gastrointestinal tract's conditions and after freeze-drying.

Methods. The production strain Bifidobacterium longum IMV B-7165 from the Institute of Food Resources
of the National Academy of Agrarian Sciences of Ukraine collection of industrial strains has been used in
the study. It was isolated from the healthy human infant's gastrointestinal tract.

Commonly used bioinformatics, microbiological, biotechnological and statistical methods have been applied.

Results. The best alignments for the sequence of bifidobacteria isolate "4202" 16S rRNA (it was previously
deposited as Bifidobacterium longum IMV B-7165) and classic dendrograms based on these results were
performed. According to the results of microscopic studies of samples of microorganisms with highly
dispersed silica products ("Enterosgel”, "Sillard P" and "Toxin.Net") it was found that the immobilization
of the Streptococcus thermophilus and bifidobacteria cultures did not differ fundamentally. To study the immo-
bilization effect on the bifidobacteria preservation and properties the following carriers were used: "Enter-
osgel”, "Toxin.NET" and "Sillard P". The survival of immobilized bifidobacteria was further studied in simulat-
ed gastrointestinal conditions: immobilized cells are better protected from acid and bile, although with in-
creasing acidity, survival decreases in both control and immobilized cells.

Conclusions. The taxonomic position of a bifidobacterial isolate from the healthy human infants used in im-
mobilization studies was clarificated (Bifidobacterium animalis subsp lactis). Under the simulated conditions
of the upper gastrointestinal tract in the case of acid and bile impact, the best survival was demonstrated by
immobilized cultures of bifidobacteria together with the Enterosgel sorbent (a content of 10% by weight of
the culture). The survival of immobilized preparations after freeze-drying was slightly reduced in the case of
immobilization on the "Enterosgel” and "Toxin.NET" samples of enterosorbents (a content from 15% to 25%
by weight of the culture). The best results were observed in the case of immobilization of bifidobacteria with
5% content of the "Toxin.NET" enterosorbent (enterosgel + inulin).
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Introduction

The intestinal microbiota has a number of
important functions in the life of the human body:
protective, digestive, metabolic and immunomo-
dulatory. The use of probiotic for the normal
microbiota of the gastrointestinal tract (GIT)
maintenance is a useful method of correction. But
unfortunately, as it is well known only tenth of all
probiotic microorganisms attach to the intestinal
wall [1, 2]. The levels of bifidobacteria and lacto-
bacilli in the intestine are the indicators of the or-
ganism's microecological status. Therefore, control-

led delivery of living cells (as well as their duodenal
transplantation) and their release into the gastro-
intestinal tract is a promising area for studies [3].
One type of such delivery is the use of carrier ma-
trices that bind to the target component and pre-
vent its premature release or destruction. Such ma-
terials can be activated carbon, lignin, chitin, cel-
lulose, sodium alginate gel, silicon dioxide, alu-
minium oxide with carbon film, and others. It is
known that complex preparations of probiotic cul-
tures, immobilized on carriers, better tolerate both
conditions during drying (lyophilized or spray
dryer) and realised in the gastrointestinal tract [4].
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It has been shown that some methods of probiotic
bacteria microencapsulation, in particular in algi-
nate gel, are able to prevent their damage in fer-
mented milk products, improve their viability and
maintain a high level of therapeutic activity during
the usage period [5]. Other variants of encapsulat-
ed materials such as anhydrous milk fat are also
investigated [6].

Sorbex (activated charcoal) immobilized and
frozen probiotics promoted a faster colon microbi-
ota normalization of rats with chemotherapeutic
dysbiosis and elimination of pathogenic microbiota
in comparison with the action of native probiotics,
enterosorbents and probiotic-sorbent mixtures.

The efficacy of Lactobacillus rhamnosus en-
capsulation into mesoporous alginate-silica with
modeling the existence of cells in the gastrointes-
tinal tract was also demonstrated. The viability of
microorganisms increased with the addition of
buffer. Mesoporosity (50 nm) of silica promoted
the nutrient metabolites higher permeability and,
consequently, higher cell growth without their re-
lease [8]. Some attempts have been made to culti-
vate probiotic strains with the addition of silica. In
particular, it was shown that the addition of 2%
"Aerosil A300" to the culture medium promoted
biomass increase up to 40—75%, with simultaneous
acidity increasing, while antagonistic activity of
L. plantarum and B. adolescentis, L. lactis probiotic
strains did not change significantly [9].

Highly dispersed silica ("Enterosgel”, "Atoxyl",
"Sylix", "Aquasil", etc.) is approved for use as entero-
sorbent, in poisoning treatment to reduce intoxica-
tion, as a component of some ointments [10]. Dis-
persed silica is of interest due to its biocompatibil-
ity, safety and high adsorption properties (mainly
due to silanol groups). Recently, interest in meso-
porous silicas is growing again due to their possible
use for the development of drugs targeted delivery
means, implants' antibiotic film coatings, tumors
diagnostics methods using fluorescent properties of
Cornelldots (C-dots) [11].

Scientific publications data allows linking the
biological consequences of cell-silica interactions
with such parameters as particle shape and size,
surface area, number of silanol groups, degree of
hydrophilicity, crystallinity index, presence of atoms
of other elements, surface ability to generate oxy-
gen radicals and selective adsorption of biologically
significant molecules.

The long-term study of highly dispersed silica
in different doses did not reveal any significant
toxicity. But it was noted that crystalline silica
physicochemical modification, changing particle
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size and surface, could significantly increase bio-
compatibility [12]. The interaction between highly
dispersed silica and cells has been studied in view
of possible nanoparticles toxicity at different ways
of administration: inhalation, intradermal penetra-
tion, conjunctival instillation and parenteral pene-
tration. Experiments have shown a highly safety of
this compound (class IV of toxicity) [13].

Therefore, there are reasonable assumptions
to suppose that highly dispersed silica can be a car-
rier for a complex probiotic healthcare products
with prolonged action throughout the entire gastro-
intestinal tract.

There are a number of technological problems
in the complex probiotic products development:
silica optimal forms selection (nano-, highly dis-
persed, mesoporous, etc.) and their ratios with pro-
biotic cultures, possible need to modify the silica
surface, choice of product procedures, buffers, dry-
ing and storage regimens, etc.

Previously, the properties of complex products
of probiotic monocultures Streptococcus thermophi-
lus IMV-7249, Bifidobacterium longum 1MV 7033,
immobilized on xerogel "Sillard P" and modified
hydrogel "Enterosgel" were studied. The best sur-
vival results were shown for S. thermophilus. Bifido-
bacteria of the selected strain were more sensitive to
the hemolytic action of highly dispersed silica [14].
Bifidobacteria inhabit newborns' intestines during
breastfeeding (from mother's milk) and, entering
into a stable symbiosis with these tissues, accom-
pany the person throughout life, causing a bene-
ficial effect on health [15]. It is bifidobacteria that
play a significant role in the normal development
of microbiota in the human infants, preventing
dysbiosis, restoring normal microflora after can-
didiasis, reducing the ability of the intestine to
absorb amines, which increase blood pressure in
the elderly. These and other useful properties of
bifidobacteria determine the desire to include it in-
to complex healthcare product immobilized on sili-
ca enterosorbents.

Among antimicrobial, immunomodulatory,
anti-inflammatory and antiviral drugs with native
bifidobacteria cells at present such metabolic drugs
design involves the development of medicines
containing biologically active metabolic products
and separate structural components of probiotic
cells [16], as even cells fragments are considered
useful in terms of their positive effect on the body.

Therefore, the development of effective drugs
based on probiotic strains of bifidobacteria for the
formation of beneficial intestinal microbiota and
microbiome therapy is an urgent task.
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The aim of the study: taxonomic position de-
termination of the Bifidobacterium longum strain se-
lected for immobilization, study of the viability of
a bifidobacteria and highly dispersed silica complex
healthcare products in simulated gastrointestinal
tract's conditions and after freeze-drying.

Materials and methods

The production strain Bifidobacterium longum
IMV B-7165 from the collection of industrial
strains of Institute of Food Resources of the Na-
tional Academy of Agrarian Sciences of Ukraine
has been used in the study. It was isolated from the
healthy human infant's gastrointestinal tract. To
obtain biomass, cultivation was performed on
Blaurock medium for 20—24 hours at a tempera-
ture of 37 £ 1°C.

Clarification of the taxonomic position of the se-
lected strain. Phylogenetic analysis of the selected
strain 16S rRNA sequence was performed using
BLAST software [17] and included detecting hom-
ologues and constructing a classical dendrogram of
evolutionary relationships.

Sorbents. Commercial products "Enterosgel”
(PJSC "ENVIRONMENTAL PROTECTION
FIRM "CREOMA-PHARM", Ukraine), "Toxin.NET"
(with inulin) (IlanPharm, Ukraine) and test item
"Sillard P" produced by the OO Chuika Institute of
Surface Chemistry of the National Academy of
Sciences of Ukraine (trade name "Silix" OJSC
"Biopharma") were used as highly dispersed silica
sorbents.

Microscopy. To visualize Bifidobacterium mi-
croorganisms' sorption on "Toxin.NET", "Enteros-
gel", "Sillard P" sorbents microscopically bacterial
culture and sorbents were mixed at room tempera-
ture until homogeneity. Samples were prepared for
immersion microscopy with gentian violet staining,
x400. To obtain x1000 microphotographs, the drop
was dried on slide and examined in reflected light
by microscope AXIO Observer AIM (Carl Zeiss
company) with TopView 1000 camcorder.

Bifidobacteria immobilization on sorbents. The
required amount of sorbent 1, 2, 3 and 5g was
added into flasks with 20 ml of bacterial suspension
after cultivation (without centrifugation or after
centrifugation) and stirred for 3 h at 37 °C for the
most complete sorption on cells.

Freeze-drying of the complex probiotic product.
To study the bifidobacteria stability after immobili-
zation and freeze-drying, 2 ml samples were added
to vials for freeze-drying. To protect the samples
during freeze-drying special protective medium
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(sucrose 10%, sodium citrate 5%, skimmed milk
powder 5%) was also added in ratio 1:2.

Drying was carried out on a freeze dryer
TG15 in the following modes:

— temperature at the beginning of the process
—(-60 £ 2) °C for 17 h;

— temperature at the end of the process
+(30%2) °C for 11 h;

— residual pressure <13.3.103 Pa;

— time of the process: 28 h.

After drying, samples dilution was performed
into tubes with Blaurock medium.

Viability control. Viability control was carried
out by Koch dish method in 3 days — via colonies
counting after applying the appropriate dilutions
on Petri dishes with hydrolyzed agar and cultivat-
ing at a temperature of 37 °C.

Modeling the upper gastrointestinal tract condi-
tions [18]. The bifidobacterial preparations with 5%
and 10% sorbent concentrations were exposed to
hydrochloric acid at pH 2 and pH 3, which corre-
sponds to the human gastric juice acidity. For a
clear confirmation of the pH value, it was adjusted
to 2.0 and 3.0 by adding different volumes of
1 moles/1 HCI and 5 mols/l HCI solutions. After 3
hours at 37 °C application on Blaurock solid medi-
um was carried out. The colonies were counted on
the third day.

To reproduce the conditions of the duodenum
bifidobacterial complex products with 5% and 10%
sorbent concentrations and control samples of
bifidobacteria culture were applied on Blaurock
medium with 20%, 40% and 60% of medical bile
and kept at 37°C for 3h. The colonies were
counted on the third day.

Statistical methods. All analyzes were repeated
3times and performed in duplicate. The obtained
data were expressed as the mean * standard devia-
tion and analyzed by Microsoft Excel 2010 soft-
ware (Microsoft, Redmond, USA). Differences
were considered to be statistically significant at
p<0.05.

The authors followed bioethical guidelines and
recommendations of the International Committee
of Medical Journals Editors (www.icmje.org).

Results

Taxonomic position determination of the Bifido-
bacterium longum strain selected for immobilization.
Bifidobacterial isolate "4202", deposited as Bifido-
bacterium longum IMV B-7165, 16S rRNA sequen-
cing and decoding were carried out.
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Using BLAST, with a universal primer
5-AGAGTTTGATCCTGGCTCAG-3 (8-27) for
16S rRNA, phylogenetic analysis of this isolate
section was performed. Results of sequence align-
ment of bifidobacterial isolate 16S rRNA allowed
to suppose that the tested isolate was phylogenet-
ically closer to Bifidobacterium animalis subsp lactis
than to Bifidobacterium longum, to which it was
previously attributed due to its physiological, bio-
chemical and cultural characteristics, which might
be due to the methodological possibilities available
at the moment.

Indeed, the highest sequence "4202" align-
ment score, used for the studies, calculated for
4 strains of Bifidobacterium animalis subsp lactis was
968 (Fig. 1a), while for Bifidobacterium longum —
893 (Fig. 1b).

The evolutionary distance calculation con-
firms this conclusion, because for Bifidobacterium
longum it is an order of magnitude greater than for
Bifidobacterium animalis subsp lactis (Fig. 2).

Microscopic studies of silica samples with probi-
otic strains. Samples of Bifidobacterium with "En-
terosgel”, "Sillard P" and "Toxin.NET" were ex-
amined microscopically by different methods
(with immersion and in reflected light) (Figs. 3, 4).
The resulting images showed that the bacterial cells
were immobilized on different silica samples. It
should be noted that the character of previously

studied Streptococcus thermophilus culture immobi-
lization on "Enterosgel” and "Sillard P" (Fig. 6*
[14]), did not fundamentally differ from immobili-
zation of Bifidobacterium. Cells mainly were clus-
tered around sorbents particles, which could be the
evidence of their possible direct interactions.

Determination of sorbed bifidobacteria viability.
A key step in the development of complex products
based on immobilized cells is a choice of an effec-
tive carrier, which defines the effectiveness of mi-
croorganisms' protection from the negative effects
of aggressive liquids. In order to study the effect of
immobilization on the preservation and properties
of bifidobacteria, were used the following carriers:
"Enterosgel”, "Toxin.NET" and "Sillard P".

For this aim, a suspension of the culture fluid
with hydrogels was kept for 3 hours at a tempera-
ture of 37 °C (Fig. 5) with periodic stirring, which
partially mimicked the research of other authors on
the introduction of sorbents in the culture medium
during cultivation.

Immobilized bifidobacteria vitality rate at gastro-
intestinal tract conditions modeling. The main aim
of probiotics immobilization is their cells protec-
tion during the upper gastrointestinal tract passage.
The hydrochloric acid action is extremely destruc-
tive for probiotics, which is confirmed by the con-
trol samples (without immobilization) vitality rates
(Fig. 6). Our results show that immobilized cells
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Figure 1: The results of the best alignments for the sequence of isolate "4202" 16S rRNA: (a) with the entire base of nucleotide

sequences; (b) with Bifidobacterium longum
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Figure 2: Classic dendrograms of evolutionary relationships based on the results of alignment for the sequences of bifidobacteria
isolate "4202" 16S rRNA: (a) with the entire base of nucleotide sequences; (b) with Bifidobacterium longum

Enterosgel* Sillard P* Toxin.NET Sillard P

Figure 3: Microscopic image of streptococci (*Streptococcus thermophilus — previous studies [14]) and bifidobacteria cultures with
sorbents (x400)

Figure 4: Microscopic image of Bifidobacterium cells sorbed on "Enterosgel” (reflected light, x1000)
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are better protected from acid. But it could be seen
that with increasing acidity, both in control and
immobilized cells vitality rates decrease. Thus, at
pH 2 the number of bifidobacteria (immobilized
with 5% and 10% sorbent) is 11 times lower than
at pH 3. It is also noticeable that the difference in
vitality rates for 5% and 10% sorbent — does not
exceed the method error.

After passing the stomach with an extreme
acidic environment, probiotic cultures together
with food or in the form of a freeze-dried product
enter into the duodenum, where are the bile ducts
from the liver. Bile can also significantly destroy
the microorganisms' cells, so the investigation of
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Figure 5: Diagram of the "Enterosgel"-immobilized bifidobacteria
vitality rate: 8 — control samples without sorbent, B — samples
with a 5% sorbent content, = — samples with a 10% sorbent
content
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Figure 7: Vitality rates of "Enterosgel"-immobilized (5% and
10%) bifidobacteria probiotic strain during incubation at bile
concentrations of 20%, 40% and 60%, 3 h, 37 °C: & — control
samples without sorbent, # — samples with a 5% sorbent
content, = — samples with a 10% sorbent content

immobilized and intact bifidobacteria vitality
rates in the presence of bile is of special interest.
As can be seen from the obtained results test sam-
ples incubation for 3h in medium with different
concentrations of bile, their vitality rates are signif-
icantly reducing in control samples (Fig. 7). In the
case of sorbent-immobilized samples of bifido-
bacteria, viability was higher. It must be noted that
at all studied concentrations (20%, 40%, 60%)
vitality rates of bifidobacteria, which contained
10% of the "Enterosgel”, was significantly higher
than in the control.

The vitality rate of immobilized culture with
freeze-drying (Fig. 8) tended to decrease with
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Figure 6: Vitality rates of "Enterosgel"-immobilized (5% and
10%) bifidobacteria probiotic strain during incubation at pH 6.0,
pH 2.0 and pH 3.0, 3h, 37°C: @ — control samples without
sorbent, ¥ — samples with a 5% sorbent content, £ — samples
with a 10% sorbent content

CFU, units-10%/cm?
N
&8

Toxin.NET

Figure 8: Vitality rates of bifidobacteria after freeze-drying in
the case of adding from 5% to 25% of drugs "Enterosgel” and
Toxin.NET: 2 — samples with a 5% sorbent content; |
samples with a 10% sorbent content; & — samples with a 15%
sorbent content; & — samples with a 20% sorbent content
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sorbent content increasing up to 25%. Such results
confirm our previous data on the better survival
of other lactic acid bacteria in combination with
hydro gel ("Enterosgel”) and not with xerogel
("Sillard P") [14]. On the whole the best results
among the tested sorbents for bifidobacteria were
observed in the case of culture immobilization with
5% of "Toxin.NET" — 3.4 + 0.7x10® CFU in com-
parison with control — 2.3 £ 0.7x10® CFU. This ef-
fect could be realized due to protective action of
inulin, which is a part of this preparation.

Discussion

In order to protect probiotic microbiota from
bactericidal effects in the upper gastrointestinal
tract we consistently used the following approach-
es: resistant strains of bifidobacteria selection (to
provide ability to survive in acidic stomach juice
and in aggressive mediums of the small intestine)
and further their immobilization on different carri-
ers' samples study.

In the development of biological products
immobilized forms, the most important point is the
choice of sorbent-carrier. Modern enterosorbents
should be non-toxic, non-traumatic to the gastro-
intestinal mucosa, with high sorption capacity.
Such properties have preparations of highly dis-
persed silica "Sillard P" ("Silix"), "Enterosgel" and
"Toxin.NET", which are approved for enteral use.

Bifidobacteria introduction into the intestine
contributes to its contents quantitative and qualita-
tive normalization and stimulates the reparative
process of the mucous membrane. Frequent dysbi-
oses in children with dietary disorders caused by
infections or antibiotics administration determined
the choice of bifidobacteria (isolated from the gas-
trointestinal tract of the healthy human infants) as
an object of study. It was confirmed that the pro-
vided 16S rRNA sequence of such an isolate be-
longs taxonomically to the genus Bifidobacterium,
which was characterized by a high content of GC-
nucleotides and gram-positive cell wall structure.
Our bioinformatics analysis of this nucleotide se-
quence showed the greatest phylogenetic affinity of
tested isolate to Bifidobacterium animalis subsp lac-
tis, and not to the species Bifidobacterium longum,
under which name this strain was deposited at
the DK Zabolotny Institute of Microbiology and
Virology of NASU.

As can be seen from the results of the immo-
bilization conditions determination (see Fig.5), the
chosen method of immobilization of the culture
suspension (3 h at 37 °C with stirring) for 5% and
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10% sorbent content do not significantly reduce vi-
tality rates: the number of colony-forming units
remains at the same level as at the control before
immobilization (10%). This may be due to the ab-
sence of post-cultivation stress: cells remain in the
culture medium at the cultivation temperature and
are not washed after ultracentrifugation. The vitali-
ty rates reduction by 10% of the sorbent content is
not significant given the order of numbers.

Numerous studies have focused on the resi-
stance of immobilized probiotic microorganisms to
the action of artificial environments modeling the
human gastrointestinal tract conditions, as well as
bacterial viability duration in food [19—21]. It was
shown that immobilization of probiotic microor-
ganisms allows to increase significantly the re-
sistance of tested cultures to the action of these
media. Immobilized preparations are superior in
survival to traditional probiotics (liquid or dry cul-
tures). It is also assumed that therapeutic and pro-
phylactic effects of immobilized healthcare prod-
ucts are realized due to the combined actions of
living bacteria, as well as protective and detoxifying
properties of the enterosorbent itself. Immobilized
bacteria are more resistant to environmental inacti-
vating factors, including the gastrointestinal tract
mediums [22].

According to many developers [23—26], sorbed
products actively colonize the intestinal mucosa by
creating a high local concentration of bifidobacte-
ria, which allows them to better survive during the
passage of the gastrointestinal tract and colonize its
mucosa.

Our series of experiments to study the immo-
bilized bifidobacteria acid resistance showed that the
immobilization of cells on sorbents had a protec-
tive effect in conditions of low pH, and our results
coincide with the results of other scientists [27].

To achieve the best result on the survival of
immobilized bifidobacteria with gastrointestinal
conditions modeling (pH 2, pH 3 and bile action),
it seems appropriate to rationalize cell immobiliza-
tion conditions and to modify the enterosorbent
surface with a view to creating conditions both for
sorption and protection of cells.

Regarding the decrease in the freeze-dried
complex probiotic products vitality with increasing
sorbent concentration, this effect is characteristic
for the nanomaterial influences on living cells. It is
possible that increase of surface tension contributes
the destruction of the cell wall during drying. How-
ever, in our opinion, there may also be a purely
methodological explanation for this fact. Cells
seeded on the nutrient medium are surrounded
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by sorbent particles and therefore have no physical
possibility to contact to solid nutrient medium.
This assumption is partly confirmed by studies of
milk fermentation by a complex probiotic product
which quite well "copes with the task", despite cer-
tain smaller number of living cells [14]. In a liquid
medium, cells have greater access to the nutrient
medium, so the functionality of the culture immo-
bilized on the hydro gel may be better than encap-
sulated.

Inulin (which is a part of "Toxin.NET") helps
to maintain just the bifidoflora, so this complex
probiotic product was the best for preserve cells vi-
ability after freeze-drying of the immobilized test
strain. For an optimal choice it is necessary to
choose both concentration, and temperature, to
apply other technological approaches which can in-
fluence on the choice of sorbent. Giving recom-
mendation, the cost and availability of this sorbent
must be also taken into account. So, inulin can be
added into medium during immobilization simulta-
neously with "Enterosgel” to avoid the use of expen-
sive pharmacopoeial healthcare product ("Toxin.NET"
or similar). Furthermore, in case of cultures com-
position must be chosen parameters and sorbents
providing the best vitality rates for each of them.

The obtained results will be used in the pro-
duction of new fermenting healthcare products of
the Institute of Food Resources of NAAS of
Ukraine for sour milk product.

References

23

Conclusions

The taxonomic position of a bifidobacteria
isolate (from the healthy human infants) used in
immobilization studies was determined. Using taxo-
nomic affiliation of microorganisms' identification
procedure with the BLAST software and the 16S
rRNA sequence it was shown that test item has the
greatest phylogenetic affinity for Bifidobacterium
animalis subsp lactis rather than Bifidobacterium
longum.

With the upper gastrointestinal tract condi-
tions modeling (in the case of acidity and bile) the
best vitality rate was demonstrated by bifidobacteria
cultures immobilized on the sorbent "Enterosgel”
with a content of 10% (by weight of the culture).

Vitality rates of bifidobacteria immobilized
on highly dispersed silica after freeze-drying was
slightly reduced in the case of "Enterosgel” and
"Toxin.NET" with their content from 15% to 25%.
The best results were observed in the case of im-
mobilization with 5% of "Toxin.NET" (combina-
tion of "Enterosgel” with inulin).
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C.I". OanuneHko?, J1.B. MapuHuerko™?, B.B. BoptHuk?, O.1. MoTtemcbkal, O.l. Hixenbcbka®

HHcTnTYT NpodoBonbymx pecypcie HAAH Ykpainu, Kuis, YkpaiHa
2KM1 im. Iropst CikopcbKoro, Kuie, YkpaiHa
SIHcTuTyT npuknagHoi gisukm HAH Ykpainum, Cymu, Ykpaina

BUKOPUCTAHHA BUCOKOOAMUCMEPCHOIO KPEMHE3EMY 5
B BIOTEXHONOIT KOMMIEKCHOIO NPOBIOTUYHOIO NPOAYKTY HA OCHOBI BI®I0OBAKTEPIN

Mpobnematuka. TexHomoris iMmobinisauii NpobioTukiB € Hanbinbl edeKTMBHUM CMOCOOOM Ans KOHTPONbOBaHOi Ta Ge3nepepBHOI
[OCTaBKUN XUTTE3AATHUX KMITUH Y KULLKIBHUK. SK Bigomo, disionoriyHa ponb GichinobakTepiii 6GaratonnaHosa i nonsirae B Hopmanisadii
Ta cTabinisauii MikpobioueHo3y, opMyBaHHI KOMOHI3aUiAHOI PE3UCTEHTHOCTI KWLLKIBHWMKA, CUHTE3i aMiHOKUcroT, BinkiB i BiTamiHiB,
niagTpuMLi HecrneumdivyHOi Pe3NCTEHTHOCTI opraHiamy Towo. Came Takvin LUMPOKUIA CNEKTP MO3UTMBHOIO BNMBY HA MakKpOOpPraHiam Aae
3Mory posrnsigaTu GicdinobakTepii sk 0CHOBY Ansi CTBOPEHHS PyHKLiOHaNbHMX iIMMOGIiNi3oBaHNX 300POBUX NPOAYKTIB Ha iX OCHOBI.

MeTa po60oTu. Bu3aHaueHHsi TaKCOHOMIYHOrO NONOXeEHHs1 BUbpaHoro Anst immobinisauii Wwramy Gicinobakrepin Bifidobacterium longum,
OOCTiMKEHHs BUWXMBaHOCTI BidigobakTepiit Lboro LtaMmy B KOMMMEKCHOMY NpoBiOTMYHOMY MPOAYKTI Ha OCHOBI BMCOKOAMCIEPCHOrO
KpemMHe3eMy 3a MOAEeNbOBaHMX YMOB LUMYHKOBO-kuLkoBoro TpakTty (LLUKT) Ta nicns niodinbHoro BucyLLyBaHHs.

MeTtoauka peanisauii. BukopuctoByBanu BupobHuunii wtam Bifidobacterium longum IMB B-7165 i3 konekuii npoM1crnoBux LWTaMmis
IHCTUTYTY NnpopoBonbYMX pecypciB HauioHanbHOT akafgemii arpapHux Hayk Ykpainu. Ltam Buginero i3 WKT 3gopoBrx HeMOBRAT.
BukopucToByBanu 3aranbHoBXuMBaHi 6ioiHopMaTUYHI, MikpobionoridHi, 6ioTEXHONOrIYHI Ta CTAaTUCTUYHI METOAM.

Pe3ynbTatn. BukoHaHo 11 noka3aHo Havikpalli BupiBHIOBaHHS Ansi nocnigoHocTi 16S pPHK isonaty 6GidigobakTtepin “42027,
(3apenoHoBaHoro sk Bifidobacterium longum IMB B-7165) Ta knacuyHi AeHAporpaMu Ha OCHOBI LX pe3ynbTaTiB. 3a pesynbtatamu
MiKPOCKOMIYHMX [OCHiIXeHb 3pa3KiB MIKpOOPraHiamiB i3 BMCOKOOMCMEPCHUMU KpeMHe3emMoBuMMK npogdyktamu (“EHTepocrens”,
“Cunnapg M” i “TokcuH.NET”) BcTaHOBMEHO, Lo iMMOGini3auis kynbTypu Streptococcus thermophilus npuHUMnoBo He BiApi3HAETLCS Big
immoGinisauii GidigobakTepin. 3 mMeTol BMBYEHHS BNNuMBY iMMobGinisauii Ha 36epexeHHA Ta BnacTuBoCTi OidigobakTepin Hyno
BUKOPUCTAHO Taki eHTepocopbeHTn, sk “EHTepocrens”, “TokcuH.NET” i “Cunnapg N”. BwkuaHicTb immobinisoBaHux Gidigobakrepin
[ofaTkoBO BMBYanu 3a mopenboBaHux ymoB LUKT: iMmoGinizoBaHi kniTMHWM Kkpalye 3axuileHi Big Ail KMCNOTW Ta KOBYi, xo4va 3
NiABWLLEHHAM KUCMOTHOCTI BUXKMBAHICTb NaAa€ sk y KOHTPOSbHKX, TakK i B iMMOGINi3oBaHUX KNiTWH.

BuCHOBKW. YTOYHEHO TakCOHOMiYHe NONoXeHHs i3onATy OGicdinobakTepii, BUAINEHOro 3 opraHiaMy 340POBWX HEMOBIAT, SKWN
BMKOPUCTOBYBarnu B AOCHiMKeHHsX 3 iMMobinisauii (Bifidobacterium animalis subsp lactis). 3a MogensoBaHux yMOB BepXHiX Biaainis
LUKT y pasi gii kucnotu Ta XoB4i HaviKpally BWXXMBaHICTb NMPOAEMOHCTpyBany iMMmobinizoBaHi kynbTypu bicdigobakTepin Ha copOeHTi
“EHTepocrens” i3 BMictom 10 % Big Macu KynbTypu. BuxuBaHicTb iMMOGIinisoBaHux npenapartiB nicns niodinbHOr0O BUCYLLYBaHHS
He3Ha4HO 3HWXyBanacb y pasi iMmobinisauii Ha 3paskax eHTepocopbeHTiB “EHTepocrenb” i “TokcuH.NET” 3a ix BmicTy Big 15 go 25 %
Bi4 Macu KynbTypu. Havikpawyi pesynbraTtv crnoctepiranu y pasi immobinisauii 6icdigobakrepin 3 5 %-BuM BMICTOM eHTepocopbeHTy
“TokcuH.NET” (eHTepocrenb 3 iHyniHOM).

KnrouoBi cnoea: 6idhinobakrepii; BUCOKOAMNCNEPCHUIA KPEMHE3EM; TAKCOHOMIYHE NMONOXKEHHS; iIMMOGini3auis NpoGioTuKIB; 340POBI NPOAYKTY.



